The relationship between maize consumption and risk of cancer of the upper digestive tract was investigated in 107 patients with oral cancer, 107 with pharyngeal cancer, 68 with esophageal cancer, and 505 hospital controls who permanently resided in Pordenone Province in the northeastern part of Italy. The analysis was restricted to males. The population of this province has a high incidence of these neoplasms and shows particularly elevated levels of alcohol and tobacco use, in addition to high maize consumption. Highly significant associations with frequent intake of maize emerged for oral cancer, pharyngeal cancer, and esophageal cancer (odds ratios = 3.3,3.2, and 2.8, respectively). The risk elevation could not be explained in terms of differences in education, occupation, tobacco use, or consumption of fresh fruits and vegetables. The unfavorable effect of maize on risk of cancer of the upper digestive tract, however, was evident only in those individuals who reported heavy drinking (i.e., 2*42 alcoholic drinks/ wk). The present findings are likely to be related to the fact that maize can cause deficiencies of various micronutrients (chiefly, niacin and riboflavin) and agree with previous observations from Africa, the People's
the etiology of cancers of the upper digestive tract (UDT) (i.e., oral cavity, pharynx, and esophagus) (7-5). However, there are areas outside Europe and North America with a very high incidence of UDT cancers, particularly esophageal cancer, in which alcohol and tobacco play a negligible role in the causation of the cancers; therefore, interest has focused on the manner in which poor diets may increase the risk of these cancers (5-77).
Some studies {16,18) have considered various macronutrient and micronutrient deficiencies or imbalances in the etiology of esophageal cancer. Other studies conducted in various parts of the world (7, 9, 11, 12, 19) , including the northeastern part of Italy (20) , have suggested that the geographical and temporal distributions, at least of esophageal cancer, could reflect the use of maize as the major staple food as well as the use of maize for brewing beer.
The present case-control study was conducted in Pordenone Province in the Friuli-Venezia Giulia region of the northeastern part of Italy. This area has the highest mortality rates for UDT cancers in Italy (standardized mortality ratios of 266 and 229 for oral and pharyngeal cancers and esophageal cancer, respectively, in males, with the entire male population of Italy having standardized mortality ratios of 100) (21). In addition, this area has UDT cancer rates that are among the most elevated in Europe (standardized mortality rates being 23.8 per 100,000 males for cancers of the oral cavity and pharynx and 16.6 per 100,000 males for esophageal cancer) (27) .
Over 75% of the UDT cancers in northem Italy seem to be attributable to alcohol and tobacco use (5). This region of Italy offers also one of the few examples of a highly developed area where maize (i.e., sweet com or Indian com) has traditionally been and, to a certain extent, still is the cereal most widely grown and eaten in the form of polenta (22, 23) . In the framework of a multihypothesis case-control surveillance study, we were thus able to explore in this region the influence of a high intake of maize on the risk of developing UDT cancers, allowing for the presence of other risk factors (chiefly, alcohol use).
Patients and Methods
Since June 1985, we have been conducting a case-control study on patients with UDT cancers in the province of Pordenone. Trained interviewers identified and questioned patients who were (a) admitted for historically confirmed UDT cancers (and a wide variety of other conditions) to the Aviano Cancer Center and all other local hospitals, (b) below age 75 years, and (c) permanent residents in Pordenone Province. Approximately 3% of the patients and 4% of the controls refused to participate. The area studied is not covered by a cancer registry, and it was not possible to estimate the proportion of patients with UDT cancers interviewed. However, the study hospitals comprised all the diagnostic and therapeutic facilities available in the province; therefore, the majority of cancer patients would have been referred to one of these hospitals. Furthermore, 90% of the patients were interviewed within 2 months from diagnosis of cancer, thus minimizing losses caused by patient deaths.
The present analysis was restricted to males, who represented 89% of the interviewed individuals. The analysis was based on 107 patients with cancer of the tongue and oral cavity [International Classification of Diseases, 9th revision (ICD) = 140, 141, 143, 144, and 145; median age = 60 yr]; 107 patients with cancer of the pharynx, the junction between the hypopharynx and the larynx included (ICD = 146, 148, and 161.1; median age = 59 yr); 68 patients with cancer of the esophagus (ICD = 150; median age = 62 yr); and 505 hospital controls (median age = 58 yr) interviewed before November 1989 (table  1) . Of these controls, 25% were admitted for traumatic conditions, 22% for orthopedic conditions, 19% for infections or acute surgical conditions, 14% for skin diseases, and 20% for other illnesses (e.g., disorders of the ear, nose, or teeth). Excluded from the comparison group were patients whose diagnosis causing the current admission was of a malignant disorder, of a disease related to alcohol and/or tobacco consumption, or of a condition that might have resulted in diet modifications.
The questionnaire concerned sociodemographic indicators and personal habits such as smoking and frequency of consumption per week of alcoholic beverages (i.e., wine; beer, and hard liquors, separately) and 40 selected indicator foods, including major sources of proteins, fats, fibers, methylxanthines, and vitamins A and C in the Italian diet. Questions on dietary and drinking habits referred to the year before the onset of the symptoms of the disease that led to hospital admission.
The case-control studies were analyzed by standard statistical methods (24) (25) (26) (27) TlOne drink corresponded to 150 mL of wine, 330 mL of beer, and 30 mL of hard liquor.
Results Table 1 gives the distribution of patients with UDT cancer and of controls according to sociodemographic factors and smoking and drinking habits. Table 2 shows this distribution according to consumption of fresh fruits, vegetables, and maize. Highly significant associations with frequent intake of maize emerged for all three tumor sites; age-adjusted odds ratios were (for highest vs. lowest frequency of consumption) 3.3 [95% confidence interval (CI) = 2.0-5.4], 3.2 (95% CI = 2.0-5.3), and 2.8 (95% CI = 1.5-5.1) for cancers of the oral cavity, pharynx, and esophagus, respectively (table 3) . Maize was further included in a multiple logistic regression equation, including terms for age, education, occupation, tobacco use, and frequency of consumption of fresh fruits and vegetables. Although being a farmer turned out to be an important confounder of the association of maize with the development of UDT cancers, all the trends in risk remained significant (table 3) .
The odds ratios were heterogeneous for maize consumption across levels of alcohol intake, which led to the investigation of the specific effects of maize intake on consumers of alcohol (table 4) . Consistently for each tumor (not shown) and overall, we found an elevated odds ratio for highest versus lowest frequency of maize intake in heavy drinkers (i.e., ^42 drinks/wk); this finding contrasted with the apparent lack of effect in light drinkers and abstainers from alcohol (table 4) . Conversely, the pattern of risk for maize was similar across various strata of sociodemographic factors, tobacco use, and intake of fresh fruits and vegetables, thus suggesting no appreciable modification of effect (data not shown).
An attempt was made to explore maize intake 10 years before diagnosis or (among controls) before interview. Only 4% of the patients reported a lower consumption of maize in the past compared with the present, whereas 30% of the patients with oral and pharyngeal cancers, 50% of the patients with esophageal cancer, and 33% of the control subjects reported substantially higher intake in the past.
Discussion
Our results from the northeastern part of Italy not only are consistent with previous 1.6(0.9-2.8) 1.5 (0.8-2.8) 1.7(1.0-2.9) 1.5 (0.8-2.8) 1.4(0.7-2.8) 1.2(0.6-2.6) 1.6(1.1-2.4) 1.4(0.9-2.2) findings, but also offer an unprecedented opportunity to investigate in depth the joint effect of high exposure to dietary maize and use of alcohol and tobacco. Also new was the finding of the consistency in the effect of high maize consumption on the development of cancers of the oral cavity, pharynx, and esophagus, at least in the presence of a high prevalence of smoking and alcohol consumption. Several case-control studies have examined the effect of diet on the etiology of UDT cancers, but the information on the role of maize is scanty. Most investigations, including the present one, have found that diets high in raw vegetables and fresh fruits confer some protection against oral and pharyngeal cancers (28-33) as well as against esophageal cancer and precursor lesions (31, (34) (35) (36) (37) (38) (39) (40) .
Where it is common, maize emerges consistently as an important risk factor, at least for esophageal cancer. Van By far, however, the strongest evidence for the role of maize comes from surveys in Africa. Maize is an introduced crop in Africa, and its spread as a staple food and an ingredient in traditional beer seems to coincide (after one allows for a latent period) with the rise in the frequency of esophageal cancer (8, 10, 12, 13) . Maize is easier to grow and more resistant to fungus and attacks by birds than other grains. However, particularly if it is refined,' maize is less nutritious than other grains and can cause deficiencies of several micronutrients (chiefly, riboflavin and niacin) (43).
Riboflavin deficiency has been suggested as one of the deficiencies that cause Plummer-Vinson syndrome, a longrecognized precancerous lesion of the UDT (6). Maize not only is low in niacin and tryptophan (its precursor) but also contains large quantities of leucine, which is capable of interfering with oxidation-reduction reactions. Like the PlummerVinson syndrome, pellagra, a life-threatening disease caused by niacin deficiency, can result in widespread inflammation of the mucous surfaces, dysphagia, and esophageal lesions (44).
The elevation in risk resulting from frequent consumption of maize in the present study could not be explained in terms of the confounding effect of age, education, occupation, tobacco use, or consumption of fresh fruits and vegetables. However, the difference in the effect of maize according to level of alcohol consumption is highly significant. In other words, the unfavorable impact of high intake of maize found in the present study seems to be relevant only in heavy drinkers. Long-term, high alcohol intake is seen rather frequently in the male population of Pordenone Province. It is often accompanied by deficiencies of niacin and riboflavin in the diet and, perhaps most importantly, by increases in micronutrient requirements caused by high levels of ethanol oxidation (45). This observation may explain the extraordinarily increased risk of esophageal cancer observed in Africa (8), in various parts of the United States (29, 34, 46) , and in northeastern Italy (20) among individuals on diets low in nutrients who consumed large quantities of maize and alcoholic beverages.
Alcohol may aggravate the nutritional deficiency induced by maize-rich diets. Alternatively, mucosal lesions caused by niacin and/or riboflavin deficiency may enhance the topical action of alcohol, possibly favoring the penetration of carcinogenic compounds (47). While we can only speculate on such mechanisms, the present data suggest that maize retains a role in the etiology of UDT cancers even in developed areas of the world, where maize is still a major staple food and/or where the occurrence of alcohol-related diseases is high. Inhibition of esophageal carcinogenesis in cornfed rats by riboflavin, nicotinic acid, selenium, molybdenum, zinc, and magnesium. Nutr Cancer 8:163-170, 1986 (20) 
